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Magnetic study of Mn(IV) biguanide complexes over the temperature range 80-300oK shows
that they possess strong antiterromagnettc interaction with exchange integral values 62·6 cm+,
59·1 em'? and 66·0 ern'? for hydrate, nitrate and sulphate salts respectively. Electronic spectra
show close similarity between hydrate and nitrate salts, and infrared spectra and thermal
analysis data confirm the dioxobrtdge between the metal ions with dimeric structure.
A VERY few Mn(IV) complexes are known instable form and most of them possess verylow magnetic moment values at room tem-
perature. Grey! prepared the compound K2[Mn(Oxa-
late)z(OHhJ and found its magnetic moment value
to be 2·79 BM at 303°K. Ray and Ray- reported
room temperature magnetic moment values in the
range 2·0-2·5 BM for a series of biguanide and
ethylenedibiguanide complexes. The magnetic
susceptibilities of the nitrate salt were measured
over a temperature range of 300-143°K, but the
reported values could not, however, be reproduced
by the present investigators. Goodwin et al.3 pre-
pared the compound [MnO(Phen)J2(Cl04h 0·5 H20
and measured its magnetic susceptibiiities over
the temperature range 293-94°K. The magnetic
moment value was found to be 1·86 BM( 293°K)
and the value of Wiess constant (205°) was quite
high. Lever+ prepared phthalocyanine complexes of
Mn(IV). Their magnetic studies revealed that they
obeyed the Curie-Wiess law with () values ranging
from 5° to 49°. Das- synthesized some picolinato- and
quinolinato-manganese(IV) complexes with very
low magnetic moments (1·9-2'4 BM at 3000K) and
found that they did not follow the Curie-Wiess law.
In manganese(IV) biguanide complexes the metal
ion is in octahedral symmetry with d3 electronic
configuration. In this system the free ion ground
term is -iF and in the presence of ligand field it
splits into a singlet ground state (4Az) and two triplet
excited states ('Tz and 4T1). Spin orbit coupling
can force higher energy triplet terms with same
multiplicity as that of the singlet ground state to
mix producing certain amount of orbital angular
momentum. For this mixing-in effect, the magnetic
moment is expected to be reduced below the spin
only value for three unpaired electrons (3·88 BM)
by the term (1-41./10 Dq). If some reduction in
the free ion spin orbit coupling constant (1.=138
cm-l)6 is assumed for Mn(IV) ion in the complex,
and Dq is taken to be 1500 crrr ' (ref. 7), the magnetic
moment should lie .......,3·80BM. The effect of spin
orbit coupling has thus been found to be small and
negligible for all practical purposes. In this paper
three Mn(IV) biguanide complexes, viz. bis(bigua-
nidium)manganese (IV)-[J.-dioxo-bis(biguanidinium)-
manganese (IV) hexahydrate, tetranitrate dihydrate
and disulphate have been prepared and their tempera-
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ture-susceptibility profile studied. The temperature
dependent magnetic moment values have also been
calculated.
Materials and Methods
The compounds were prepared by the procedure as
described by Ray and Rays.
Alagnetic measurement - The magnetic measure-
ments were carried out by Gouy method" and mag-
netic moment was calculated using the formula
f.L.fi = 2'83y''XA xT
Spectroscopic measurements - The spectra in the
range 200 nrn to 1200 nm were taken on a Cary 14
spectrophotometer using nujol mull. The infrared
spectra were taken in the range 625 to 4000 crrr '
on a Perkin-Elmer 237B infrared spectrophotometer.
Thermal analysis - The measurements were per-
formed on a derivatograph.
Analysis - In all these compounds the metal ion
was determined by conventional volumetric and
gravimetric method, and carbon, hydrogen and
nitrogen were estimated by semi-micro combustion
technique and the data are given in Table 1.
Results
Manganese(IV) biguanide complexes possess quite
low magnetic moment values ranging from 2·19 to
2·61 B~1 at room temperature (305°K). Such a
low magnetic moment can only be interpreted on
the basis of dinuclear structure.
Attempt was made to fit the experimental values
of susceptibilities to Eq. (1)
Ng2~2 42+ 15x6+3x1o
'X.•• = 3kT' 7+5x6+3xlO+X12 +~C< ... (1)
where x = exp (~~), deduced by Earnshaw et al.9 for
TABLE 1 - ANALYTICAL DATA OF THE COMPLEXES
Mn (%l N (%) Formula
----
Found Calc. Found Calc.
16·52 16·90 42·90 43·09 [MnO(BigH).].6HaO
13-60 13·23 42·10 41·49 [!l1nO(BigHl.].(NO.l.2H.O
11·55 11·75 30'10 29·91 [MnO(BigH).J.(SO.).11H1O
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binuclear complexeswith d3 electronic configuration.
Taking -2J and g as parameters, a computer pro-
gramme was operated. From the best fit the ex-
change energy (-2J) values for the doublet quartet
states have been determined for these complexes
(Tables 2-4).
The susceptibility vs temperature plot (Fig. 1)
for the compound bis(biguanidinium)manganese(IV)-
(L-dioxo-bis(biguanidinium)manganese(IV) hexahy-
drate shows that the susceptibility increases up to
2900K and then decreases with lowering of tem-
perature up to 9soK. The plot of the calculated
susceptibility with temperature (Fig. 1) shows that
from at 305° to 21soK it coincides with the experi-
mental values, but below 215°K the calculated
values are slightly higher than the experimental
ones up to 9soK. The plot of the magnetic moment
against temperature indicates gradual decrease of
moment with lowering of temperature (Table 2).
The temperature vs susceptibility profile (Fig. 2)
of bis(biguanidinium)manganese(IV)-tJ--dioxo-bis(bi-
guanidinium)manganese(IV)tetranitrate dihydrate
shows that susceptibility increases up to 2S00K and
then decreases sharply up to 9S°K. The plot ot the
calculated susceptibility against corresponding tem-
perature (Fig. 2) shows that susceptibility remains
almost constant from 3000 to 2000K being close
to the experimental values. But after that, the
TABLE2 - MAGNETICDATAOF [MnO(BigH).l •. 6H.0
(-2J = 62·55 em-I, g = 2·13 and N« = 60 X 10-1 egs)
Temp. aXA, X 10· (egs) IjXA' X 10' f'effOK (egs) (BM)
Expl* Calc.]
298 2793 2780 3·580 2·58
288 2868 2800 3·487 2·57
258 2761 2775 3·621 2·44
223 2719 2730 3·678 2·20
206 2583 2720 3·874 2·06
173 2371 2660 4·218 1·81
118 2128 2355 4·700 1·42
93 1917 2112 5·217 1·20
*Diamagnetie corrections were done using the data from
ref. 6.
[Calculated from Eq. (1).
TABLE 3 - MAGNETICDATAOF [MnO(BigH).J •• (NO,)•.
2H.0
(-2J = 59·14 em-I, g = 1·75 and N« = 60 X 10-8 cgs)
Temp. XA'xl0' (cgs) IjXA'xl0' (Leff
OK (cgs) (BH)
Expl* Calc.]
298 2014 2016 4·97 2·20
290 2057 2020 4·86 2·20
280 2067 2025 4·85 2·15
268 2096 2027 4·77 2·12
260 2116 2028 4·75 2·09
233 2135 2030 4·68 1·99
200 1990 2001 5·02 1·79
161 1714 1905 5·83 1·49
125 1512 1750 6·61 1·23
93 1233 1545 8·11 0·96
*Diamagnetic correcticns were done using data from
ref. 6.
[Calcnlatcd from Eq. (1).
TABLE4 - MAGNETICDATAOF [MnO(BigH).J •• (SO.)••nrr,o
[-2J = 66·03 cm-l. g = 1·93 and N« = 60 X 10-8 cgs]
Temp. ZA' X 10· (egs) IlIA' (egs) (LetIOK --------- (BM)
Expl* Calc.]
303 2207 2170 4·528 2·31
293 2194 2165 4·558 2·27
275 2169 2160 4·610 2·19
245 2104 2140 4·753 2·03
220 2028 2110 4·930 1·89
177 1964 2050 5·093 1-67
137 1664 1905 6·009 1·36
83 1374 1485 7·278 0·96
*Diamagnetic corrections were done using data from
ref. 6.
[Calculated from Eq. (1).
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Fig. 1 - Variation of magnetic susceptibility and moment
with te~~~r~ture of [Mn(IV)O(Big).J •.6H.0 [I: Experimental
susceptibilities: II: calculated susceptibilities; and III:
experimental moments]
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Fig. 2 - Variation of susceptibility and magnetic moment
witlt temperature of [Mn(IV)-0-(Big)2J.(NOa),.2H.O I: Ex-
perimental susceptibilities; II: calculated susceptibilities;
and III: experimental mcments]
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Fig. 3 - Variation of susceptibility and moment with
temperature of [Mn(IV)-O-(Bi;).1.(SO,l,.l1H.O [I: Experi-
mental suscepti bil ities : II: calculated susceptibilities; and
III: experimental moments]
calculated values are higher than the experimental
ones. Magnetic moment of this compound de-
creases slowly with lowering of temperature (Table 3).
In compound bis(biguanidinium)manganese(IV)-
fl.-dioxo-bis(biguanidinium)m1.nganese(IV)disulphate,
the susceptibility-temperature profile (Fig. 3)
shows that susceptibility decreases slowly with de-
creasing temperature from 3050 to 800K. The
calculated susceptibilities vs temperature curve
(Fig. 3) conforms well to the experimental values in
the temperature region 305-240° K. After that the
calculated values are increasingly higher than the
experimental values. Magnetic moment values de-
crease slowly with lowering of temperature (Table 4)_
The electronic spectrum of the complex nitrate
was studied and was similar to the hydrated com-
pound? Due to gradual decomposition spectra of
the sulphate compound could not be studied. The
infrared spectra of the hydrated and nitrate salt
were also studied.
The therrnogravimetric analysis of hydrate and
nitrate compounds indicated th: endothermic de-
composition prJ::~33~3 at 130'C a::d 150'C for hydrate
and nitrate salts respectively.
Discussion 1
The gradual low )~i.l3' of ml..p;tic m );n~:ltwith
lowering of te:n!~ratllr~ for all th s 0:n:)):.1:1i3
clearly indicate" the p:·.e3ea~e 0: antiterrom ignetic
interaction in then. Th» maxim i at 29[PK and
250"K in atomic susceptibility V3 temp erature
curves for the hydrated an:l nitrate compounds
(Figs. 1-2) may b e due to N~~l tenperature. The
trend of the variation of susceptibility with tempera-
ture (Fig. 3) for the suiphate compound shows that
the Neel temperature rmy lie welt above the room
temperature which is beyond the temperature range
studied. in this work.
The higher calculated values of atomic suscepti-
bilities as compared with the experimental values
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(Tables 1-3) can be attributed to the fact that
exchange energy (-2J) is no longer constant but
probably undergoes some change with temperature.
High values of exchange integral (59-66 crrr") for
the compounds indicate strong superexchange inter-
action and probable metal-metal direct interaction.
It may be assumed from the suggested structure
(Fig. 4) that the electron density initially on t2g
orbitals of one metal ion is transferred to the other
metal ion through 2p orbitals of the bridging oxygen
atoms. This causes strong exchange interaction in
these compounds. The direct metal-metal inter-
action takes place through the normalized overlap
of the d-orbitals of the metal ion.
The electronic spectra of the nitrate salt shows
three bands in the visible region which are assigned
as follows:
4A2g~1T~g (17.700 em:'}: 4A2g~4TIg (22,200 crrr"};
and 4A~g~2Eg, rr., (19,040 crrr-)
This is similar to the reported bands? for hydrated
compound. This comparison shows that the com-
pound is not tar from cubic symmetry. In the UV
the band at 210 nrn may be due to new chromophore
containing the heterocyclic ring with carbon, nitrogen
and the metal ion having a conjugated system.
Band at 250 nm is due to the ligand biguanide in
the complex. The red shift (230 to 250 nrn)"?
indicates the lowering of upper excited state caused
by the' mixing-in effect' of the spin orbit coupling.
In the hydrate and nitrate compounds the infrared
peaks in the region 3350-3170 crrr" are assigned
to 'I~-H. In biguanide hydrochloride vN-H occurs
around 3400-3200 em:'. This lowering of frequency
in the complexes may be attributed to M-N bond
formation. The b and in the region 1680-1600 ern?
mJ.Y be due to v.l;C-N and band in the region 1565-
1510 crrr ' are assigned to o-NH2• A few bands in
the region 1300-900 ern+ are due to v,C-N. The
bon l in the region 770 ern+ may be assigned to N-H
out-of-plane deformation vibration. The increase
in the intensity as well as broadening of the band
in the region 740-720 em:' may be attributed to the
overlap m'!tal-(Oa)-metal and ligand bands. A
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band at 820 ern? is assigned to the nitrate ion. Due
to complexity of the IR spectrum of the ligand,
the band for the water molecule could not be assigned
with certainty.
Thermogravimetric analysis shows that in the
hydrated compound the endothermic reaction as
indicated by the DTA curve and a sharp peak at
1800 may by due to the liberation of water molecules.
The weight loss from the TG curve corresponds to
the six molecules of water for one dinuclear mole-
cule of the complex. The ligand starts decomposing
above this temperature. In the nitrate compound
the endothermic DTG curve indicates liberation of
water and oxides of nitrogen. The weight loss
corresponding to the sharp peak at 1500 corresponds
to two molecules of water and four molecules of
nitric acid for one dinuclear molecule of the compound.
The experimental values obtained above can be
explained by assuming the structure for manga-
,.
nese(IV) complexes with biguanide as dimeric with
dioxo-bridge between the metal ions as shown in
Fig. 4.
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